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Abstract 
The influence of gradient gravity field on the distribution of colloid particles in magnetic fluid placed in a long narrow cylinder is 
explored experimentally. The dependence of the initial magnetic susceptibility on the layer depth is measured for different times 
of exposure to the gradient field. The average diameter of an aggregate is estimated using the obtained results. 
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1. Introduction 
This paper is concerned with the processes taking place in ferrofluids (or magnetic fluids) exposed to gradient 
fields. By its physical properties, ordinary low-viscous ferrocolloids do not demonstrate good stability in gradient 
magnetic fields. The instability of records received from ferrofluid sensors is currently a major obstacle to their 
widespread use in industrial and laboratory devices. There exist many magnetic fluids adapted to long-term 
operation in gradient magnetic fields (e.g., in ferrofluid seals), but because of the extremely high concentration of 
particles they acquire non-Newtonian properties (including the limiting shear stress) and tixothropy, which is 
unacceptable for measuring devices. Investigation of the structural characteristics of ferrocolloids with consideration 
of centrifugation parameters will help in the development of magnetic fluids without ultimate (limit) shear stress, 
magnetic fluids having high saturation magnetization and magnetic fluids non-stratified in concentration while being 
exposed to gradient fields. 
Use of centrifugation at the stage of magnetic fluid preparation is a standard practice, which allows one to 
improve the stability of fluids by removing large-size particles and aggregates [1]. The role of aggregates in 
generation of the space inhomogeneity of the solution remains unclear because of the absence of reliable 
information about its magnetic structure. The existence of aggregates with high own magnetic moments might result 
in a multiple increase in drift of devices null, and those with closed magnetic chains in its reduction. In our 
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investigation, magnetic fluids were centrifuged with the aim to separate them into fractions with a narrow particle 
size distribution and to remove the most dangerous aggregates from them. 
We conducted a series of experiments to study the physical properties of dilute magnetic fluids with a narrow 
particle size distribution. Plots of susceptibility versus centrifugation parameters, layer depth and sedimentation time 
were constructed for the magnetic fluid placed in a long narrow cylinder. 
2. Experiment 
The goal of this work is to explore the processes taking place in a magnetic fluid column subjected to 
centrifugation. As a method to obtain information about these processes, we offer measuring the initial susceptibility 
of colloids of diverse density at different heights along the axis of a long narrow cylinder. It is known that the initial 
susceptibility and ferrocolloid concentration are uniquely related. A glass test tube of height 60 mm and inner 
diameter 3mm was used as a container. The test tube containing the sample was placed into the laboratory 
centrifugal machine OPN-12 for a certain time (from 30 minutes to 45 hours). The rotor rotation frequency was 
3000 min
-1
. After each centrifugation step, the test tube with the sample was taken out for making measurements. 
Then it was returned back into the centrifuging machine, and the process continued. Mixing of fluid layers inside the 
cylinder might be ignored, since the test tube was transferred smoothly without shaking. For local susceptibility 
measuring, we designed a mutual inductance bridge with narrow induction coils (less than 2 mm). Hence, the height 
resolution was defined by the size of the coil. 
For induction coil winding, we applied PEF copper magnet wire of diameter 0.085 mm. Two pairs of coils were 
manufactured. In each couple, coils were superimposed. The inner coil was located on the cylinder made of dense 
paper, whose diameter was slightly larger than the external diameter of the test tube. The inner coil was wrapped by 
an insulating fluoroplastic film over which the winding of the external coil was applied.   The number of turns of 
each coil was 20. The mutual inductance bridge was assembled according to the scheme described in work [2]. Use 
of this bridge allowed making measurements to an accuracy of 0.5% on signal frequency of 4 kHz. In our opinion, 
this frequency is well suited to perform our experiments. 
As a sample, we used kerosene-based magnetite fluid stabilized with oleic acid. During experiments, two initial 
fluids were explored. The density of the first was 1.12, the volume fraction of solid phase ± 0.078, and the initial 
quasistatic susceptibility ± 1.12. To obtain the second, we diluted the first fluid. Parameters of the second fluid are 
as follows. The density was 1.01, the volume fraction of solid phase ± 0.053, and the initial quasistatic susceptibility 
± 0.08. 
3. Results 
The developed mutual-inductance bridge was used to construct the plots of the susceptibility of magnetic fluids 
versus the distance between the measuring coil and the test tube bottom for different centrifugation parameters 
(Fig.1). However, no information concerning the lowest layer at the very bottom of the test tube bottom is shown in 
Figure 1. 
This is attributed to the design peculiarities of the bridge   and   presents   a   real   engineering challenge. Besides, 
the signal from the mutual induction coils is reduced to the ends of the test tube due to the demagnetizing factor. To 
exclude the data interpretation error, we measured the magnetization of the fluid, which was not exposed to the 
gradient field. The dependence of this value on height gave us the correction factor, which was further used to draw 
Fig.1. It is seen that the characteristic jump in the susceptibility of magnetic fluids at the top of test tube occurs after 
the fist centrifugation step, whereas the susceptibility of magnetic fluids at the bottom of the tube increases. This can 
be explained by the particle displacement caused by the gradient gravity field. Based on the information concerning 
the shift velocity of the characteristic jump and its plateauing, we can find the average diameter of the largest 
particles. Rough estimations are obtained from the neutral buoyancy condition for these particles:  
Fst =Fa,  
where F=3ʌȘGhv is the Stokes force (Ș ± ferrofluid  viscosity, dh ± particle hydrodynamic diameter and v, which 
approximately equals the sedimentation velocity), Fa=1/6·ʌGs3(ȡm-ȡf)geff is the Archimedean force (ds ± particle solid 
core diameter, ȡm and ȡf ± magnetite and kerosene density, geff ± effective acceleration of gravity). On the other hand, 
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the equilibrium distribution is established under the long-term effect of the gradient field. Curves obtained for this 
case also contain data on average particle size.  
 
 
Fig. 1. Initial susceptibility of magnetic fluid versus the height of layer arrangement. Symbols stand for different centrifugation times  
(0 ± without centrifugation, 1 ± 30 min, 2 ± 9 hours, 3 ± 21 hour, 4 ±33 hours,  5 ± 45 hours) 
 
4. Conclusion  
We have conducted a series of centrifugation experiments with magnetic fluids. We measured initial 
susceptibility of magnetic fluid subjected to high gravity acceleration depending on depth of layer location. Our 
further research will include the same series of tests, but with more diluted fluids. The obtained results will be 
employed to estimate the average size of a particle and an aggregate using a specially developed computer program. 
We intend to verify the validity of some diffusion theories, in particular [3], by comparing the data achieved in our 
experiments and those obtained by other methods and other authors. 
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